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SUMMARY
An investigationwasconductedto determinetheeffectof camberon
thedragofa bodyofrevolution.Thedragof a straightbodyof revo-
lutionwasmeasuredandcomparedwiththatof a bodythatdifferedonly
inthatitscenterlinewascaniberedintheformof a parabola.
TheminimumdragsofbothbodiesweremeasuredatMachnumbersfrom
0.6 to 1.4at a constantReynoldsnumberof8.75million%asedonbody
length.Boundary-1ayertripswereappliedto thenoseofbothmodelsin
ordertofixthetransitionpointandeliminateskin-frictiondragas a
variable.
Theadditionof a smallamountof csmberwasfoundto causevery
littleincreaseintheminimumforedragof themodeltested.Thisresult
is inagreementwiththeory.
INTRODUCTION
Manyof todayfshigh-speedairplaneshavefuselagesthatare
csmibered.Thiscamberisusuallytheresultof practicalconsiderations
connectedwiththeproblemsassociatedwiththeextremenose-highlanding
attituderequiredoftheseairpl.aned.Thus,therearof thefuselagemay
be sweptupwardto provideincreasedgroundclearanceforthefuselage
andtoavoidunduelengthandweightofthelandingear. On otherair-
planes,theforwardpartof thefuselagemaybe droopedor curveddown-
wardinorderto providethepilotwithimprovedvisibilityandalsoto
avoidan excessivelyongnose-wheellandingear.
Thereislittleexperimentalinformationavailableconcerningthe
effectofbodycsmheron thedragofbodyorbody-wingcombinationsat
sonicandsupersonicspeeds.Reference1 presentsresultsfortwowing-
body-vertical-tailconfigurationsdifferingonlyintheamountofbody
csmber.Oneconfigurationhada straightuncsmberedfuselagewhilethe
2 NACARMA56E23
s.
otherhada fuselagethatwassweptupwardat“~herear. Themaximum
amountof cam%erof theupsweptfuselagewasapproximately1.8 percent
of thebodylength.Theresultspresentedinreference1 indicatethat
*t-
he additionofbodycsmberto sucha configurationwouldresultinpro-
nouncedtrimdragincreasesat sonicandsupersonicspeeds(~-percent —
increasein @ at M = 1.0and6-percentincreaseat M = 1.4).
Thepurposeoftheinvestigationreportedhereinwastodetermine
theeffectof camberon thedragof a bodya~one.Twobodies,oneuncam-
beredandtheotherwitha paraboliccenterline,weretestedthrougha
Machnumberrangeof0.6 to1.4at a Reynoldsnumberofapproximately
—
8.75millionbasedonhodylength.Theangleofattackwasvariedsuffi-
cientlyto defineminimumdragateachMach
imentaleffectof camberis comparedherein
indicatedby someunpublishedworkofR. T.
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foredragcoefficient,foredrag
qfido2/&
incrementalwave-dragcoefficient,
maximumbodydiameter
maximumcamberofbodycenterline
bodylength
bodyradius
free-streamMachnumber
free-stresmdynsmicpressure
number.Theresultingexper-
withthetheoreticaleffect. .—
Jones.
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wavedragdueto camber —
qado2/b
—
.. ..
.-
Cartesiancoordinateswithoriginat a ~int corres~nding
tothenoseof thestraightbody(seefig.1)
MODELS
Drawingsofthemodelstestedareshowninfigure1. Thebasic
modelwasa straightbodyofrevolutionwitha finenessratioof10and K
wasformedby superimposingtheareadistributionfa Sears-Haackbody
ontothatofa K&m& ogiv=.Theequationofthebodyanda tabulation a
aregivenintableI. The
-
camberedbodyhadthesame “t
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radiusfora given x stationas thebasicmodel.Theradiiof the
camberedbodywefemeasuredfroma parabolicenterlinenormalto a hori-
zontalreferenceline(seefig.1). Themaximumdisplacementof thenose
of thecamberedbottymodelwhenmeasuredfroma horizontalreferenceline
throughthecenterofthe .,
radiusofthebodyat its
mumcamberof1.7 percent
parabolicenterlineare
basewasarbitrarilychosentohe 4/3of the
midlengthstation.Thiscorrespondsto a maxi-
ofthebodylength.Thecoordinatesof the
givenintable
mPARATUsAND
II.
TESTS
ThetestswereconductedintheAmes2-by 2-foottransonicwind
tunnel.Thiswindtunnelhasa ventilatedtestsectionthatpermits
continuouschoke-freeoperationthroughthetransonicspeedrange.LA
completedescriptionfthewindtunnelmaybe foundinreference2.
Themodelsweresupprtedinthetunnelby meansof a l-inch-dismeter,
sting-typssupport.Valuesof dragweremeasuredlymeansof an internal
strain-gagebalance.
Themodelsweretestedthrougha Machnumberrangeof0.6to 1.4at
a constantReynoldsnumberof8.75millionbasedonbodylength.The
uncsmberedbodywastestedonlyat zeroangleof attack.Thecaaibered
body,however,wastestedthrougha smallangle-of-attackrangeof approx-
imately*2.5°inordertomakecertaintheminimumdragof themodelwas
obtained.The0° referencelinefromwhichtheangleof attackof the
csmberedbodywasmeasuredwasassumedtobe a straightlineextending
throughthenoseandcenterof thebaseof themodel.
Roughnessintheformof Carborundumgritwasappliedto thenose
ofbothnmdelsinordertofixthetransitionmint andeliminateskin-
frictiondragas a variable.A turbulentboundarylayerwasobtainedby
selectingthegrainsizeandlocationof theCarborunduminaccordance
withinformationgivenin reference3.
Thedragdatahavebeenad~ustedforthedifferencebetweenthefree-
streampressureandthepressureactingon thebaseof themodelso that
alldragdatapresentedareactuallyforedrag.Theeffectof support
interferenceon theforedragof themodelsisbelievedtobe smallfor
thesizeof thesupportusedduringthesetests.Sincethesting inter-
ferenceffectwouldbe thessmeforbothmodels,no correctionforthis
effecthasbeenappliedta thedata.
Theaccuracyof theforedragcoefficientsi believedtobe +0.002.
...—
.
4
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RESULTSANDDISCUSSTON
—
v
Theminimumdragcoefficientsforboththecsmberedandbasicbodies
areshowninfigure2 asa functionofMachnum%er.Theminimumdragof
thecamberedbodyoccurredat smallnegativeanglesofattack(approxi-
mately-lO).Thedragcoefficientsofthecamberedbodyat zeroangle
of attackarealsoshowninfigure2. It isapparenthatthedifference
in dragbetweenthetwobodiesisverysmall, approximatelythesameorder
of magnitudeas theaccuracyof thedragmeasurements(*2percent).
R. T. Jones,in someunpublishedwork,hasexpressedtheadditional
wavedragdueto camberofa closedSears-Hsackbodywitha parabolic
centerlineasfollows:
.—
Thusitmaybe seenthatthedragdueto cwiberis inverselyproportio~
to thesquareofthefinenessratioanddirectlyproportionaltothe
squareof thecamber-to-lengthratio;therefore,thegreatestdragpenal-
tieswouldoccurathighMachnumbersforbodiesoflowfinenessratio
andlargesmountsof camber,
—.
If thecamberedbodywhichwasusedinthisinvestigationisapprox-
imatedby a closedSears-Haackbodyhavingthesamelength,maximumdism-
eter,andmaximumamountof camber,itmaybe shownbyJonestequation
thattheadditionalwavedragisnegligiblysmall(0.3 percentofthe
straightbodyat M = 1.4). Thisresultis inagreementwiththeexperi-
mentalresultsof thisinvestigation. —
It isof interestonotethattheapplicationf Jonesfequation
to a closedSears-Haackbodythatapproximatesthecamberedfuselageof
reference1 againgivesa negligiblysmalldragincrease(Opercentat
M =1.0 andO.lpercentat M= 1.4). Thus,thelargeincreasesindrag
shownin reference1 forthecompletebody-wi@-tailconfigurationmust
be attributedto an effectotherthanthatduedirectlytothebody
csmber.
l
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CONCLUDINGREMARKS
Fromtheresultsof thisinvestigation,it is concludedthatthe
minimumforedragof a bodyof revolution,havinga finenessratioof
approximately10,is increasedve’rylittleinthetransonicspeedrange
by theadditionof a moderateamountof cambertothebody. Thisconclu-
s ion
Ames
is inagreementwiththeory.
AeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics
MoffettField,Calif.,MaY23, 1956
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Figure l.- Basic and cambered body models.
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Figure 2.-Variation of foredmg with Mach number for bodies with and without camber.
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